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Abstract 
This research focuses on spatial analysis of Chinese air transportation from 2001 to 2010.  First, 
we examine how Chinese air transportation has changed during the past decade in terms of the 
hierarchy of airports based on the number of air passengers. Second, as suggested by previous 
research, we explore what kinds of socio-economic, demographic, and geographical factors led 
to changes in the number of air passengers. All these facts have led to what appears to be an 
evolving hub and spoke network in China. Third, we construct optimal hub and spoke networks 
using p-hub problem and compare them to the current hub and spoke network structure in 
China. 
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1. Introduction 
1.1. Statement of Problem 
 Chinese air transportation has gone through important changes over the past three 
decades, especially in the first decade of the 21st century. Arguably, the most important 
changes have been deregulation of Chinese airlines in 1997, consolidation of airlines starting in 
2002, and a significant increase in the number of airports and passengers by 2010 (Figure 1). 
 
Figure 1 Number of air passengers in Mainland China from 2001 to 2010 
 As a result of these changes, there have been two unforeseen consequences of 
hierarchies of cities where airports are located and with airline network structures. The changes 
in hierarchies could be caused by Chinese policies as exemplified by the consolidation of airlines 
in 2002, which has resulted in hub relocations, and which has created an increase in the number 
of air passengers to the cities selected for these relocations. Cities that have not been awarded 
a hub relocation have experienced a decrease in the number of air passengers, and both 
selection and omission of hub relocations to cities leads to changes in air network hierarchies, 
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which can be revealed through the fluctuation in the number of air passengers of each airport. 
Those fluctuations could be the result of multiple factors, such as Gross Domestic Product 
(GDP), population, number of tourists and so on.  
 The hub and spoke network is one of the important aspects of air transportation. Hubs 
are airports from which multiple destinations to other cities are scheduled, and as such, these 
airports primarily function to gather arriving passengers and to transfer them to flights routed 
to their intended destinations. Spokes are routes that are coming out of hubs. Presently, many 
national, commercial, and cargo air carriers operate via a hub and spoke network system. For 
example, in 1978 the US Congress passed Airline Deregulation its Act (Goetz and Sutton, 1997). 
The primary purpose of the act was to transform the US airline industry into a freely 
competitive environment by removing significant governmental control of this industry. Starting 
in 1978 and continuing to today, many U.S.-based airlines implemented the hub and spoke 
network in order to realize greater efficiencies (Dempscy and Goetz, 1992). Soon after, many 
other countries had developed their own ways to liberalize the airline industry (Kasper, 1988; 
Button, 1991), and these countries also developed hub and spoke networks after one or two 
decades of similar deregulation (Williams, 1994). In the early 2000s, the Chinese air network 
system also appears to be evolving to a hub and spoke system based on a variety of factors and 
circumstances, the first of which are almost exclusively grounded in physical / regional 
geography and population geography. 
 The first geographic division of land in China demarcates this large country into three 
political divisions, and provinces are all contained within one of these divisions (Figure 2). 
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Within these divisions are varying population densities: the eastern region covers most of 
China’s coastal areas, and is a highly populated area; by contrast, the western region is a vastly 
underpopulated area, and the central region, with moderate population density, is comprised 
only of the six provinces of Shanxi, Henan, Anhui, Jiangxi, Hubei and Hunan.  
 With the bulk of the country’s population residing in its eastern region, it is perhaps 
expected that this area of China will see the greatest air passenger network structure, depicted 
for 2010 in Figure 3. This figure displays the distribution of airports and the top 21% of domestic 
flows with at least 500,000 annual passengers, and it is clear to see that most flows are 
concentrated in eastern and western China, while very few flows are in central China. One can 
also determine the presence of a few clusters of bundling flows in this network structure, 
especially in the eastern part of China. 
 The regional and population geography of China prompts inquiries for this research: 
Does a hub and spoke network exist in China, and if it does, how has it developed? How should 
China’s current airline network be altered in order to optimize the country’s aviation resources 
in order to improve efficiency and economy? If a hub and spoke network does not exist, how 
should it be implemented? In an attempt to answer these questions, this research will analyze 
the Chinese air network at the country level, and the results may provide policy makers with 
some helpful insights in air transportation planning and management. 
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Figure 2 Divisions of China 
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Figure 3 Top 21% of Flows and Distribution of Airports in 2010 
1.2. Research Background 
 Air transportation in China has undergone remarkable changes and growth since the 
People’s Republic of China was founded in 1949, and its development can be divided into three 
stages: (1) 1949-1980; (2) 1980-1997; (3) 1997-present. 
 From 1949 to the Reform and Opening-up policy in the late 1970s, China’s airline 
industry was severely regulated by Chinese military, as the Chinese Air Force exclusively 
controlled the Civil Aviation Administration of China (CAAC). During this time, only limited 
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commercial operations were allowed, and all aspects of civil aviation – including routes, airfares, 
schedules, entry, and exit – were controlled. In this era, airline travel was used primarily for 
political activities, and only government officials at certain high levels were allowed to travel by 
air. This resulted in losses of millions of Yuan because there were not enough passengers during 
that period (Zhang and Round, 2008). 
 The beginning of the second stage occurred in 1980, when, the CAAC was separated 
from the military and became its own financially independent enterprise. In 1987, the State 
Council ratified separation of administrative / regulatory roles from management role within 
the CAAC, which led to the creation of the six trunk airlines of Air China, China Eastern Airlines, 
China Southern Airlines, China Southwest Airlines, China Northern Airlines, and China 
Northwest Airlines between 1987 and 1991. While these airlines were responsible for their own 
losses and profits, they were still tightly controlled and regulated by the CAAC. Thus, 
competition in terms of airfares among these airlines during this period was effectively non-
existent. 
 The last stage began in 1997 with airline deregulation of (1) airfares and (2) entry and 
exit. In 1997 the CAAC issued a policy that encouraged airlines to lower air prices to attract 
more people to fly, which started competition between airlines, which led to heavy monetary 
losses of airlines in 1998 (Zhang and Chen, 2003). Shortly thereafter, the CAAC published its 
competition-driven fare-setting policy regulating the adjustment of air fares, and this 
introduction of competition propelled the airline industry to be driven by free market forces. As 
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a result, airline deregulation in China moved its airline industry further away from communist 
style governance and much closer to a freely competitive market. 
 A later side-effect of this deregulation became more visible starting in 2002, when the 
consolidation of airlines relieved airline competition to some extent by reducing the number of 
competitors. This consolidation resulted in the three biggest Chinese airline groups to emerge: 
the Air China Group, China Eastern Group, and China Southern Group. Only a few smaller 
airlines were left after the consolidation (including the Hainan Group, and Shenzhen Airlines), 
and the big three airlines have dominated China’s airline industry since 2003 in terms of the 
number of passengers (Shaw et al., 2009). 
 The number of passengers possible for air travel within China is astounding: China is 
the country with the world’s largest population, estimated at 1.37 billion in 2010 (National 
Bureau of Statistics of China, 2011). In addition, the changing economy and economic structure 
of the country is seen with a noted increase in China’s per capita gross domestic product, which 
increased from 6079 yuan (RMB) in 1997 to 29524 yuan in 2010, a five-fold increase within 13 
years. Chinese air transportation also gained a five-fold growth of total passengers from 
approximately 1.11 billion in 1997 to nearly 5.64 billion in 2010 (Statistical Data on Civil Aviation 
of China, 2011). Considering China’s large population and rapidly growing economy, it is 
expected that Chinese air transportation will continue to grow, and so examining the changes in 
Chinese air transportation contributes to a greater discussion of understanding rapid and 
profound economic development within China.  
1.3. Significance of the Problem 
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 This research focuses on how Chinese cities interact with each other through air 
transportation. Because of social and economic development in China, an increasing number of 
people can afford air travel, and the role that air transportation plays in cities’ interactions is 
gaining importance. Hence, it has become a unique perspective to research hierarchies of cities 
(Song, 2008). Changes in hierarchies of cities are influenced by the fluctuations in the number of 
air passengers, and those fluctuations could be caused by multiple factors that include 
population change and GDP growth. 
 City interaction through air transportation also necessitates researching how the 
design of a hub and spoke network in China can optimize resources in aviation while also 
simultaneously improving efficiency and economies of scale. Point-to-point airline systems still 
exist in many parts of China, and population distribution explains why more attention focuses 
on routes between big cities, rather than those between small cities. For example, airline route 
flows are clustered in eastern China, especially in Beijing, Shanghai and Guangzhou, while flows 
in western China are scattered (see Figure 3). Chinese airlines decided where to locate the hubs, 
but the result may not be an ‘optimal’ hub and spoke network; thus, this study examines the 
theoretical placement of hub and spoke networks at a national scale so as to assist with 
deciding where to locate hubs and spokes and to thereby minimize total travel cost. 
Additionally, while much research has been conducted on air transportation, only a small 
portion of it focuses on Chinese air transportation, so this research also starts to fill that gap 
and to contribute to the inclusion of China within that broader literature.  
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 Therefore, the objectives in this research are threefold. First, this research examines 
how Chinese air transportation has changed during the past decade in terms of the hierarchy of 
airports based on the number of air passengers. Second, as suggested by previous research, this 
research explores which aspects of socio-economic, demographic, and geographical factors 
have contributed to changes in the number of air passengers, and how these factors may have 
influenced an evolving hub and spoke network in China. Third, this research constructs optimal 
hub and spoke networks using p-hub problem and compares a hypothetical ‘optimal’ hub and 
spoke network with the current hub and spoke network structure in China. Though stated 
separately and initially approached separately, it is important to recognize that these three 
aspects are interconnected: changes in hierarchies are affected by fluctuations in numbers of 
air passengers, which in turn is affected by changing social-economic factors. Consequently, this 
research may highlight inefficiencies in an evolving hub and spoke network, which can be 
referenced by policy planners in determining how to better relocate resources in the Chinese 
air network. 
 
2. Literature review 
 Air transportation has been researched by geographers for about eighty years, 
although it did not see a dramatic increase in publication until the 1990s (Vowles, 2006). This 
increase was largely propelled by airline deregulation in the U.S. in 1978, as deregulation 
transformed the U.S. airline industry into a freely competitive market. Topics centering on 
airline deregulation that have been explored in the literature include competition (Cohas, 1995; 
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Adler, 2001; Coldren and Koppelman, 2005; McLay and Reynolds-Feighan, 2006; Lian and 
Rønnevik, 2011); airfare (Vowles, 2004; Seetaram, 2010); and airline networks (Brueckner and 
Spiller, 1991; Zhang, 1996; Brueckner and Zhang, 2001; Pels, 2000, O'Kelly, 1998; Brueckner et 
al., 1992; Bryan and O'Kelly, 1999; Aykin, 1995). However, results and conclusions of these and 
other studies examining the effects of deregulation are varied, and include both positive effects 
(e.g., lowering of air fares, increasing air passenger volumes, and frequency of flights), and 
negative effects (e.g., inconvenient service and unprecedented industry concentration) (Shaw et 
al., 2009). 
 Airline deregulation facilitated network point-to-point structures to transition into hub 
and spoke networks, and this has been examined in the literature on a global scale (Oum et al., 
1993; Grubesic et al., 2008); in the United States (Chou ,1993; Shaw, 1993; Ivy, 1993; 
Aykin ,1993;Bhadra and Texter, 2004; Elhedhli and Hu ,2005; Wuellner et al., 2010); and in 
Europe (Jaillet et al., 1996; Caves, 1997; Burghouwt and Hakfoort ,2001; Burghouwta et al., 
2003; Burghouwta and Witb, 2004; Benedictis et al., 2005; Jeong et al., 2007). 
 Furthermore, air transportation literature published in English has focused on both 
American and European air transportation systems, with little research focusing on changes in 
air transportation in China, despite its Reform and Opening-up Policy in the late 1970s and the 
1997 deregulation (Vowles, 2006). This omission in the English-published literature comes 
about because some research on Chinese air transportation is published only in Chinese, and 
because data on Chinese air transportation are not often readily available. 
Data issues notwithstanding, there are a few studies that have explored China’s air 
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transport development and reforms. Zhang (1998) reviewed the industrial reforms in China’s 
airline industry and offered suggestions to deepen those reforms, including a checking of 
transitional industrial policies in imperfect markets. Yang et al. (2008) examined privatization 
and commercialization in China, how they impacted Chinese air transportation, and the 
challenges that have hampered its further development (for example, development among 
different regions is unbalanced). Shaw et al. (2009) studied airline consolidation in China, 
discussed the changes in networks brought by consolidation, and suggested that the Chinese 
airline industry is shaped by reforms published by the Chinese government. Zhang and Chen 
(2003) reviewed the history of development and policy in Chinese air transportation in terms of 
international liberalization, and listed the factors that constrain China from being competitive in 
the international air transport market. Chi-Lok and Zhang (2009) assessed the impact of 
competition and reforms in China’s airline industry on the efficiency of its airports; productivity 
levels and growth of selected airports were predicted, resulting in differences in airport 
efficiencies due to a variety of factors. Fung et al. (2008) inspected the patterns of productivity 
changes of 25 Chinese airports, implying that non-hub airports and airports in developing 
regions should be further studied in order to overcome unbalanced economic development in 
different regions.   
Other research on Chinese air transportation focuses on geographic patterns, spatial 
interactions, and hierarchies of the airports. For example, Wang et al. (2003) examined how 
geographic patterns of Chinese air transportation have changed from 1990 to 1998, showing 
that regional inequality in the development of air transportation existed across China. To be 
specific, cities in the eastern and western regions enjoyed faster development in air transport 
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than the central part of China. Wang et al. (2006) investigated the airports’ spatial distribution, 
service coverage, and air passenger flows in China using quantitative models and GIS, indicating 
that Chinese airports are unevenly distributed: fewer airports are in central China, while more 
airports are located in western and eastern China, and air passenger flows with the greatest 
numbers are agglomerated in eastern China.  
A few studies examined Chinese cities through the perspective of air transportation. 
Zhou and Hu (2002) displayed the framework of Chinese cities by studying number of air 
passengers and weekly frequencies, revealing that the network structure of urban system in 
China is still underdeveloped. Song et al. (2008) used intercity air passenger flows of 1995, 2000, 
and 2003 to analyze patterns of spatial interaction and hierarchical structure of Chinese cities 
over time, suggesting that Beijing, Shanghai, and Guangzhou constitute the backbone of 
Chinese air transportation network. However, only a few studies have examined how the 
hierarchy changed after the deregulation in Chinese air transportation, especially during the 
past decade. Moreover, the most recent data were from 2003.  
As China is a developing country, it is important to note that significant changes may 
have occurred within Chinese air transportation during the past decade. Thus, it is worth 
examining the changes in hierarchy of Chinese cities in recent years, as these changes could be 
affected by the growth of Chinese air transportation, which is the result of multiple factors. 
Wang et al. (2003) specified that a 1% increase in GDP in China was related to a 1.62% growth 
in air passengers, suggesting that GDP is a good predictor of increasing numbers of air 
passengers. Suryani et al. (2010) used population as one of the variables to estimate air 
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passenger volume. In other words, an increase in population is one of the factors that could 
lead to increase in air passenger. Other variables may also result in an increase in the number 
of air passengers (e.g., number of tourists, distance to its closest airport), but to date these 
factors have not been studied as a predictor of air passenger travel; however, this research 
considers these factors.  
 Modelling hub and spoke networks in China is also addressed in the academic literature. 
Jin and Wang (2005) chose evaluating indexes to select hubs and to construct the ideal 
organization model of Chinese aviation networks, implying that selecting a small set of airports 
from all of them to construct the hub and spoke network was feasible. Bai et al. (2006) created 
a hub and spoke network of fifteen cities by using a specialized “shortest path” algorithm, 
revealing that there is an easy way to solve the multiple allocation p-hub problem1 . Zhang and 
Round (2008) reviewed airline deregulation and consolidations, and pointed out where the 
home bases of the three biggest Chinese airlines are, suggesting that the hub and spoke 
network might exist in China to some extent. Zhang (2010) studied capacity requirements in 
Chinese air transportation and showed routes of the major air carriers over the 30 busiest 
airports in mainland China in mid-2008. Zhang concluded that the network structures of the 
three biggest Chinese airlines were primarily a point to point network and not a hub and spoke 
network. This mixed result implies that the hub and spoke network is still developing. No 
research uncovered to date compares the theoretical optimal hub and spoke networks at the 
national level to the actual hub and spoke networks in China. 
 
                                                             
1
 See appendix for definition 
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3. Methodology 
3.1. Research area and Data 
 This research primarily focuses on domestic air passengers in Mainland China, 
excluding Hong Kong, Macau, and Taiwan due to lack of data. Figure 4 depicts the distribution 
of airports in China in 2010. Clearly, there are more airports in eastern and western regions, 
and fewer airports in the central region. Airports across China can be classified into three 
categories based on their functions: national airports (such as Beijing, Shanghai, and Guangzhou, 
serving people all over the country); provincial airports (such as Nanjing and Zhengzhou, serving 
people in their provinces); and local airports (such as Dali and Zhangjiajie, serving people from 
local areas). 
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Figure 4 Distribution of Airports in China in 2010 
  
Data used in this research regarding air passengers are from recent official statistics 
published by the Civil Aviation Administration of China (2002-2011) from 2001 to 2010, and 
these documents record the numbers of air passengers among city-pairs. Flows under 50,000 
passengers are not included in the original data, and the data only include air carriers in 
mainland China and do not include international routes. For example, flights from Chicago to 
Chengdu (an established international route with a layover in Beijing) are not considered, but 
flights from Beijing to Chengdu are included in the data set. All these flows reflect the 
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interactions among these cities within China. The data of the hubs of the three largest Chinese 
airlines are collected from Zhang and Round (2008): the hubs of Air China are Beijing, Chengdu, 
and Hangzhou; the hubs of China Eastern are Kunming, Shanghai, and Xi’an; the hubs of China 
Southern are Guangzhou, Urumqi and Shenyang, and are depicted in Figure 5. Data regarding if 
an airport is an international one (or not), international tourists, population, and GDP of a 
metropolitan area come from Statistic Data on Civil Aviation of China 2011, The Yearbook of 
China Tourism statistics (2002-2011), and China City Statistical Year Book (2002-2011).   
 
Figure 5 Home bases of the three largest Chinese Airlines 
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3.2. Method 
Twenty-five airports in China are selected in order to build a 25 by 25 matrix, and the 
selected airports are shown in Figure 6. All these airports existed from 2001 to 2010, and the 
number of air passengers of them comprises a large percentage of the total number of air 
passengers in Mainland China every year. For example, there were more than 175 airports in 
2010, but the number of air passengers of those selected airports accounted for 64.27% of the 
total number of air passengers in Mainland China. Moreover, 25 is a reasonable size to construct 
a hub and spoke model. The fewer airports selected, the less representative it is for the hub and 
spoke model, because the number is too small. The more airports selected, the harder it is to 
build a fully connected matrix because of data volume. This 25 by 25 matrix is not fully 
connected (there are some blanks among all the city-pairs), and there are two reasons for this: 
(1) some cities are so close to each other that most people choose to travel by train instead of 
by airplane; and (2) flows under 50,000 passengers are not included in the original data. Most of 
those selected airports are provincial capital cities; the majority of selected airports are located 
in eastern and western China (16 and 6, respectively), and three airports are located in central 
China.   
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Figure 6 25 Selected Airports in China 
 
3.2.1 Nystuen-Dacey Method 
 The Nystuen-Dacey method is used to identify the dominant flows of Chinese air 
transportation, which can then be employed to examine the network structure. Among all of 
the possible flows between one particular city and all other cities in a network, dominant flow 
analysis identifies only the largest flow from or to this city (Tian, 2000): (1) a dominant node in a 
hierarchy has its largest outflow to a smaller node; (2) a subdominant node has its largest 
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outflow to a larger node; and (3) nodes are members of a single hierarchy.  
3.2.2 Regression Model 
A regression model was incorporated to determine if the number of air passengers can 
be explained by average population, GDP, international tourists, airport status (international or 
domestic), distance to closest airport, and the number of airports within 300 kilometers. Those 
selected 25 airports (consistent every year during the past decade) were used to run the 
regression model. 
 3.2.3 Hub and Spoke Model 
 Single allocation and multiple allocation models are also considered in this research. 
The single allocation model requires every origin-destination (OD) pair to link up with one hub 
center, and the paths between origin and destination are completed by a set of inter-hub links. 
In contrast, the multiple allocation model allows OD pairs to be more flexible in connections 
than the single allocation model: OD pairs in the multiple allocation travel through whichever 
hubs make their costs the cheap. 
 In this hub model, allocation variables have four subscripts denoting the flow from i to 
j through the hub(s) serving the interaction. The allocation variables ijkmx  describe the manner 
in which the flow from i to j is to be routed between hubs k and m (Skorin-Kapov et al.,1996). 
The hub models are formulated by the Flow-based Discount Multiple Allocation Hub Problem 
(FDMAP) (Kim, 2004). This empirical case is solved as a heuristic in Microsoft Visual Studio C++ 
6.0.  
20 
 
 In order to locate hubs and spokes, both single allocation p-hub median and multiple 
allocation p-hub median problems are used in this research. For the single allocation case, each 
non-hub node is allocated to exactly one hub node: all flows are then sent and received via this 
hub so as to achieve the optimal location of the p hubs and to route all flow via hubs such that 
the total transportation cost is minimized. The p-hub median problem for single allocation can 
be formulated as follows: 
Min   ∑ ∑ ∑ ∑ 𝑊𝑖𝑗(𝐶𝑖𝑘 + 𝛼𝐶𝑘𝑚 + 𝐶𝑚𝑗)𝑋𝑖𝑗𝑘𝑚𝑚𝑘𝑗𝑖                                                                               (1) 
s.t.  ∑ 𝑋𝑖𝑘𝑘 = 1 for all i,                                                    (2) 
       ∑ 𝑋𝑘𝑘𝑘 = 𝑝                                                     (3) 
       𝑋𝑖𝑘  ∈  {0, 1} for all i, k,                                                                          (4) 
       𝑋𝑖𝑗 ≤  𝑋𝑗𝑗   for all i, j.                                                    (5) 
      ∑ 𝑋𝑖𝑗𝑘𝑚𝑚 =  𝑋𝑖𝑘   for all i, j, k,                                                                   (6) 
      ∑ 𝑋𝑖𝑗𝑘𝑚𝑘 =  𝑋𝑗𝑚   for all i, j, m,                                                   (7) 
     𝑋𝑖𝑗𝑘𝑚 ≥ 0   for all i, j, m,k.                                                   (8) 
Where 
𝑊𝑖𝑗 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚  𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑗; 
𝐶𝑖𝑘 = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑓𝑟𝑜𝑚 𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑘; 
𝛼 = 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟ℎ𝑢𝑏 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟; 
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𝑋𝑖𝑗𝑘𝑚 = 𝑡ℎ𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚 𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑗 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑟𝑜𝑢𝑡𝑒𝑑 𝑣𝑖𝑎 ℎ𝑢𝑏𝑠 𝑘 𝑎𝑛𝑑 𝑚;  
𝑋𝑘𝑘 = 1 𝑖𝑓 𝑛𝑜𝑑𝑒 𝑘 𝑖𝑠 𝑎 ℎ𝑢𝑏, 𝑜𝑟 0. 
 This objective function (1) minimizes the transportation cost of the whole network, 
and it can also determine which nodes are hubs and how the non-hub nodes are allocated to 
hubs. Constraint (2) ensures that each node is assigned to exactly one hub. Constraint (3) 
assures that there are p hubs. Constraint (4) means that 𝑋𝑖𝑘 is a decision variable: it is 1 if node 
k is a hub; otherwise it is 0. Constraint (5) guarantees that flows are routed via locations that 
are hubs. Constraints (6) and (7) ensure that if passengers traveling between i to j are routed 
via hub k [m], then node i [j] must be attached to hub k [m]. All flows must travel through at 
least one hub. 
 Multiple allocation is defined as choosing p hubs from n airports in a network; these 
hubs are fully connected, and non-hubs are connected through p hubs. Each non-hub can 
receive and send flows through more than one hub. The multiple allocation p-hub median 
problem formulation is as follows: 
Min   ∑ ∑ ∑ ∑ 𝑊𝑖𝑗(𝐶𝑖𝑘 + 𝛼𝐶𝑘𝑚 + 𝐶𝑚𝑗)𝑋𝑖𝑗𝑘𝑚𝑚𝑘𝑗𝑖                                                                               (9) 
s.t.       ∑ 𝑋𝑘𝑘𝑘 = 𝑝                                                     (10) 
       𝑋𝑖𝑘  ∈  {0, 1} for all i, k,                                                                          (11) 
      𝑋𝑖𝑗𝑘𝑚 ≥ 0   for all i, j, m,k.                                                   (12) 
     ∑ ∑ 𝑋𝑖𝑗𝑘𝑚 = 1                  𝑚𝑘     for all i, j,                                                                   (13) 
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      ∑ 𝑋𝑖𝑗𝑘𝑚 − 𝑋𝑘𝑘  ≤ 0             𝑚  for all i, j, k, m,                                                                                (14) 
      ∑ 𝑋𝑖𝑗𝑘𝑚 − 𝑋𝑚𝑚  ≤ 0             𝑘  for all i, j, k, m                                                                                (15) 
Where 
𝑊𝑖𝑗 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚  𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑗; 
𝐶𝑖𝑘 = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑓𝑟𝑜𝑚 𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑘; 
𝛼 = 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟ℎ𝑢𝑏 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟; 
𝑋𝑖𝑗𝑘𝑚 = 𝑡ℎ𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚 𝑛𝑜𝑑𝑒 𝑖 𝑡𝑜 𝑛𝑜𝑑𝑒 𝑗 𝑡ℎ𝑎𝑡 𝑖𝑠 𝑟𝑜𝑢𝑡𝑒𝑑 𝑣𝑖𝑎 ℎ𝑢𝑏𝑠 𝑘 𝑎𝑛𝑑 𝑚;  
𝑋𝑘𝑘 = 1 𝑖𝑓 𝑛𝑜𝑑𝑒 𝑘 𝑖𝑠 𝑎 ℎ𝑢𝑏, 𝑜𝑟 0. 
Constraints (1) and (9), (3) and (10), (4) and (11), (8) and (12) are exactly the same. Constraint (9) 
requires that all flows be routed via exactly one path. Constraints (14) and (15) ensure that hub 
k and hub m have to be open in order to assign an allocation of spokes. Constraint (2) makes all 
the difference between single allocation and multiple allocation, in that it restricts that each 
node can be assigned to one and only one hub. Thus, Constraint (1), and Constraints (2) 
through (8) constitute the single allocation.  Without constraint (2), it is multiple allocation.  
 
4. Results and Analysis 
4.1. Spatial Hierarchy and Structure 
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 The hierarchy of Chinese air transportation has changed quite a bit from 2001 to 2010, 
graphically displayed in Figure 7. Among these changes are the following: First, both Shanghai 
and Guangzhou were subdominant to Beijing until 2010, and Guangzhou became subdominant 
to Shanghai (which was still a subdominant node to Beijing) in 2010. Second, both Kunming and 
Shenzhen had a subdominant node, Chongqing and Haikou, respectively, from 2003 to 2007. 
Third, there were some other cities that had switched among Beijing, Shanghai and Guangzhou, 
and became subdominant to them. Figure 7 shows the representative hierarchies for the years 
in 2001, 2003, 2007 and 2010, the hierarchies for other years can be found in the Appendix. 
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Figure 7 Changes in the air transportation hierarchy  
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 The dominant analysis confirmed that Beijing was the only dominant airport in 2001, 
and in that year it had two subdominant airports (Shanghai and Guangzhou). The top two 
airports with which Beijing shared the most air passengers were also Shanghai and Guangzhou, 
(2.83 million and 1.40 million passengers, respectively). Figure 8 depicts air passenger 
dominance in 2001; it is obvious that Beijing’s hinterland covers more provinces than its two 
subdominant airports in China. Among all airports dominated by Beijing, Shanghai (a 
subdominant airport) is key: flights from many cities in eastern China (e.g., Xiamen) must 
connect through Shanghai in order to interact with many other airports across all of China. 
Another subdominant airport of Beijing, Guangzhou, dominated many airports in southern 
China (e.g., Sanya and Shenzhen). Interestingly, Tianjin, which is closer to Beijing than Shanghai, 
saw its largest flow going to Shanghai instead, and this is explained by the fact that Beijing and 
Tianjin are so close that people do not travel by air between them. Likewise, Hangzhou’s largest 
flow went to Guangzhou, rather than Shanghai, and Shenzhen’s largest flow went to Shanghai, 
rather than Guangzhou. 
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Figure 8 Air passenger dominance in 2001 
 In 2003, Beijing had an additional subdominant airport, Kunming, which dominated 
Chongqing, and this is represented in Figure 9. Shanghai, another subdominant airport of 
Beijing, also had one subdominant airport, Shenzhen, which dominated Haikou. Shanghai’s 
dominated airports barely changed compared to that in 2001, but Guangzhou’s dominated 
airports decreased from 5 in 2001 to 3 in 2003, and those were Guiyang, Hangzhou and Sanya. 
This could be explained by flourishing tourism in Yunnan Province and Shenzhen’s rising status 
in the Chinese economy, as China’s first Special Economic Zone (SEZ). 
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Figure 9 Air passenger dominance in 2003 
 By 2007, only a few changes had occurred: Beijing had one more dominated airport, 
Fuzhou, which had been dominated by Shanghai in 2003. Shanghai’s dominated airports 
decreased from 6 to 5, and Shenzhen was still a subdominant node of Shanghai, but it 
dominated Changsha, instead of Haikou. Haikou once again became a dominated airport of 
Guangzhou. 
 Beijing was still the only dominant airport in 2010, but there were some important 
changes in that year, as shown on Figure 10. First, Beijing had only one subdominant airport 
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(Shanghai), and Guangzhou became a subdominant node of Shanghai. Guangzhou had 
dominated only two airports in 2010 (Guiyang and Haikou). Second, other two subdominant 
centers - Kunming and Shenzhen - were gone. The remaining airports were either dominated by 
Beijing or Shanghai. This scenario could then be explained by the hub and spoke network. 
Because Beijing is one of the hubs of Air China, and Shanghai is one of the hubs of China 
Eastern, millions of air passengers from all over China travel to or transfer through these two 
cities annually. 
 
Figure 10 Air passenger dominance in 2010 
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 In sum, the hierarchy of Chinese air transportation has changed dramatically over the 
past decade. Those selected 25 airports formed a four-level hierarchical structure that 
underwent significant modification over the past decade. However, Beijing, Shanghai, and 
Guangzhou were always at the top level of the Chinese hierarchy. The other two subdominant 
airports - Kunming and Shenzhen - were dominated by Beijing and Shanghai, respectively, from 
2003 to 2007. The remaining airports were either dominated by the dominant airport (e.g., 
Beijing), or other respective subdominant airports (e.g., Shanghai and Guangzhou). This implies 
that these three cities constituted as the backbone of the Chinese air transportation network.   
 
4.2. Regression Model on Air Passenger  
 A regression model was employed in order to determine what relationship exists 
between the number of air passengers and related independent variables, including average 
population, GDP, international tourists, airport status (international or domestic), , distance 
from one airport to its closest airport, and the number of airports within a buffer zone of 300 
kilometers. A result of the regression analysis included 798.02 r , and ( 731.02 adjr ), 
suggesting that 79.8 % of variability in air passengers can be explained by these variables (see 
Table 1) and that . This result was significant  0001.0p . Also, the regression analysis 
determined that average number of international tourists and GDP are statistically significant (p 
< 0.05) and positively related to air passengers (indicating that they were the factors that 
directly influenced the growth of air passengers). When tourists from outside of mainland China 
travel in China, it is likely that they will visit several cities, and not remain in only one city. 
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Hence, the greater number of international tourists, the more people we can expect to travel 
by airplanes. China’s GDP is growing at a rate of above 7% annually, so as the Chinese are 
becoming more prosperous, more people can be expected to travel by air.    
 
Table 1 Output of Regression Model 
 
 
 The model also suggests that both population and airport status (“international”, 
whether it is international or domestic) are negatively related to the number of air passengers. 
Both distance from one airport to its closest airport and the number of airports within a buffer 
zone of 300 kilometers are positively related to the air passengers. However, this does not 
Coefficients
a
 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 
Collinearity Statistics 
B Std. Error Beta Tolerance VIF 
1 (Constant) -216.265 416.196  -.520 .610   
Itourists(10,000) 1.602 .673 .470 2.380 .029 .288 3.469 
AvgPop(10,000) -.061 .143 -.060 -.423 .677 .554 1.804 
AvgGDP(100million) .164 .059 .618 2.770 .013 .225 4.441 
International -244.401 249.990 -.110 -.978 .341 .881 1.135 
DisKM 1.402 .917 .256 1.530 .143 .400 2.501 
300Buffer 38.726 58.718 .099 .660 .518 .495 2.020 
a. Dependent Variable: AvgPSG(10,000) 
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make sense, because a greater population in a city naturally influences the number of that 
population who will travel by air. International airports are frequently larger than non-
international ones, and typically attract more passengers; the distance that one airport is close 
to its nearest airport, the fewer air passengers there are between those cities; the more 
airports there are around one airport, the fewer air passengers will travel via that one airport. 
Note, however, that these four variables are not statistically significant (p > 0.05). 
 Figure 11 displays the residuals of those 25 airports. The magnitude of a residual 
equals the observed value of the dependent variable minus its predicted value. Red-colored 
airports represent negative residuals, which mean that the number of air passengers is over-
predicted, while the blue-colored ones indicate positive residuals, suggesting that the number 
of air passengers is underestimated. Most of the “overestimated” airports are located in the 
Eastern China, while the majority of the “underestimated” ones are scattered all over China, 
especially in coastal regions and Western China. Among those “underestimated” airports, those 
in large cities (e.g., Beijing, Shanghai and Guangzhou) are often under-predicted in terms of air 
passengers. This can be explained because each year millions of people are traveling by air to 
these large cities for business or tourism. Various international and domestic companies situate 
their offices or extension locations in those large cities, and thus the numbers of air passengers 
increase rapidly. For those airports in relatively smaller cities, such as Harbin, there are actually 
not many people traveling to them by air every year, thus, they are often overestimated. 
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Figure 11 Residuals of 25 airports 
 Figure 12 shows the annual number of passengers of each city from 2001 to 2010. It is 
clearly depicted that the number of passengers for each city had been increasing steadily year 
after year, and these numbers are expected to continue increasing. The total number of air 
passengers of all the 25 cities in 2010 has increased more than three times than the number in 
2001 (as shown in Figure 13). This could be explained by the increase of GDP, international 
tourists, and population of each city during the past decade. The regression model suggested 
that GDP influences the growth of air passengers most, slightly departing from our expectation 
that population would explain the growth of air passengers the most. Even though this model 
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did not indicate this, one explanation for that could be the lack of data on resident populations, 
because the increase of the population of each city should have enhanced the growth of 
passengers to some extent. Using Beijing as an example, the number of passengers in 2010 
tripled compared to that in 2001, as shown in Figure 14. Beijing’s GDP has increased almost 
three times in 2010 (1.377 trillion RMB) compared to 2001 (0.371 trillion RMB); during that 
same time period, Beijing’s resident population increased from 13.85 million in 2001 to almost 
20 million in 2010. More people moved to the cities during the past decade and there they 
experienced greater economic success. As a result, many more could afford to travel by air and 
this led to the growth in the number of air passengers. 
 
Figure 12 Air Passenger Turnovers in Selected 25 Airports in China from 2001 to 2010 
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Figure 13 Number of air passengers of selected 25 cities from 2001 to 2010 
 
 
Figure 14 Number of passengers of Beijing from 2001 to 2010 
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4.3. Hub and Spoke Network 
Single Allocation  
In the single allocation, each origin can only be allowed to connect to one single hub; 
thus, this produces a very economical network in terms of links. In the case of a 25-node 
problem with five hubs, there are 20 non-hub cities connected directly to one hub each with the 
fully connected inter-hub links. A model was used to optimize the hub locations and allocations 
of spokes. The results of optimization for the different hub sets (2-5), with the six different 
values of inter-hub discount, are shown in Table 2. The inter-hub discount factor provides an 
incentive for bundling of flows by discounting the cost of the inter-hub links. It is used to attract 
passengers to travel via hubs so that the hub airports can concentrate flows, and the cost 
between the hubs must be smaller than the original costs. Usually, the inter-hub discount factor 
(α) ranges from 0.4 to 0.9, and the number of hub sets varies from 2 to 5. Airlines have 
discounts, but they normally will not go to high discount rates, (values of 3.0 ), so the inter-
hub discount factor normally varies from 0.4 to 0.9. In this allocation, only 25 airports are 
selected, thus 5 hubs are enough to do the analysis, and two hubs are the minimum number to 
analyze the hub and spoke network. Thus, the number of hubs ranges from 2 to 5. Reading 
down columns, it suggests that each hub set is the lowest cost alternative when α is 0.4. 
Reading across any rows from left to right shows that four different hub sets have dramatically 
decreased costs for each fixed value of α. When the number of hubs increases, the objective 
values decreases. This is because adding another hub provides more flow routing options. 
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Table 2 Total transportation cost by single assignment model 
                       p Hub set 
α                    2          3          4          5 
0.9 1663.388483 1549.790076 1452.862088 1382.468133 
0.8 1631.202803 1500.762837 1370.007722 1295.235713 
0.7 1599.017123 1441.940005 1280.027409 1205.039797 
0.6 1558.992745 1377.859749 1188.690979 1111.980929 
0.5 1507.421731 1309.946876 1095.872846 1018.458431 
0.4 1454.745633 1237.390774 1002.187406 922.133529 
 
Table 3 shows the hub locations for each case of single allocation. For some cases, they 
have exactly the same hub locations. This is possible because the allocations of spokes for them 
are different, which then leads to different objective values. For example, when the hub set is 2, 
α is 0.7, 0.8, and 0.9; these three cases have same hubs of Changsha and Nanjing, even though 
they have disparate objective values. For each hub set, as α gets smaller, the hub locations 
chosen are more realistic and reasonable. In the case of hub set 3, when α is 0.9, Changsha, 
Jinan, and Nanjing are chosen as hubs, but none of them are actually large airports in China; 
when α decreased to 0.6, the hubs are located in Guangzhou, Chongqing, and Nanjing. This is 
more logical, because Guangzhou and Chongqing are rather large airports (ranking 3rd and 9th , 
respectively), based on the total number of air passengers in 2010. When α is 0.4, Guangzhou, 
Shanghai, and Tianjin are the hubs. This is more logical when compared to previous cases, 
because Shanghai and Guangzhou are among the top three airports in China based on the total 
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number of air passengers. In addition, Shanghai is a China Eastern hub and Guangzhou is a 
China Southern hub. 
Table 3 Hub locations of single allocation 
α 2 hubs 3 hubs 4 hubs 5 hubs 
0.9 
Changsha, 
Nanjing 
Changsha, Jinan, 
Nanjing 
Chongqing, 
Guangzhou, 
Nanjing, 
Tianjin 
Chongqing, 
Guangzhou, 
Hangzhou, Jinan, 
Wuhan 
0.8 
Changsha, 
Nanjing, Tianjin 
Chongqing, 
Guangzhou, 
Hangzhou, Tianjin, 
Wuhan 
0.7 
Chongqing, 
Guangzhou, 
Shanghai, Tianjin, 
Wuhan 
0.6 
Changsha, 
Tianjin 
Chongqing, 
Guangzhou, 
Nanjing 
Beijing, 
Chongqing, 
Guangzhou, 
Nanjing 0.5 
Beijing, 
Changsha 
Changsha, 
Shanghai, 
Tianjin 
0.4 
Guangzhou, 
Shanghai, 
Tianjin 
Chongqing, 
Guangzhou, 
Shanghai, Tianjin 
Beijing, Chongqing, 
Guangzhou, 
Shanghai, Wuhan 
 
An example of five hubs serving 25 airports is shown in Figure 15, which illustrates the 
connections from origins to destinations through Beijing, Shanghai, Guangzhou, Wuhan, and 
Chongqing. This is the least cost allocation when α is 0.4. These hub locations make sense 
because Beijing is one of the hubs of Air China, Shanghai of China Eastern, and Guangzhou of 
China Southern. The inter-hub volume is high in this case of single allocation model, because all 
the non-hub cities are only connected to one hub, and they have to make best use of the inter-
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hub flows to get to another regional network system. The inter-hub flows volume is shown by 
line width. The inter-hub links among Beijing, Shanghai, and Guangzhou are heavily loaded. 
Examination of this map shows some interesting links: for example, Harbin, Shenyang, and 
Dalian are allocated to the hub in Beijing; this is explained by their proximity to Beijing and 
because they are within the distance of convenient train travel. Some people choose to travel 
by train instead of by air, which leads to the relatively small average number of air passengers 
among them; thus they have to interact with each other through the hub in Beijing. 
 
Figure 15 Single hub allocation model, with P=5 and α = 0.4. (Lines are proportional to flow.) 
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Multiple Allocation  
In multiple allocation, each origin can be allowed to connect to more than one single 
hub. The result is a comparatively large number of links, especially when there is no discount 
among hubs. Table 4 shows the results of the calculation of the network cost for six different 
inter-hub discount values (α), for each of the four hub sets. Table 5 indicates the hub locations 
for each case of multiple allocation. For each hub set, no matter what α is, they all have the 
same hub locations. This is because the objective value is always the smallest when hubs are 
located in those cities, no matter how α changes; however, they have different allocations of 
spokes when α varies from 0.4 to 0.9 for each hub set. In general, Beijing, Shanghai, Guangzhou, 
and Chongqing are the most frequently chosen hubs. This makes sense, because they are the 
largest airports in China. 
 
Table 4 Total transportation cost by multiple assignment model 
                                     p Hub set 
α                    2         3                       4         5 
0.9 1466.289096 1351.803736 1228.561769 1203.155823 
0.8 1455.983404 1324.379854 1185.581428 1153.530689 
0.7 1443.028551 1291.082091 1134.382627 1094.362691 
0.6 1428.489245 1253.219124 1075.962230 1029.407104 
0.5 1409.109963 1209.891437 1012.765767 959.471997 
0.4 1385.223873 1161.853472 944.495771 885.212920 
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Table 5 Hub locations of multiple allocation 
α 2 hubs 3 hubs 4 hubs 5 hubs 
0.4-0.9 
Changsha, 
Tianjin 
Beijing, 
Guangzhou, 
Nanjing 
Beijing, 
Chongqing, 
Guangzhou, 
Shanghai 
Beijing, 
Chongqing, 
Guangzhou, 
Shanghai, 
Wuhan 
 
An example of the 25-node problem is shown in Figure 16, where an inter-hub discount 
of α = 0.4 was used. The hub locations are in Beijing, Shanghai, Guangzhou, Wuhan, and 
Chongqing, respectively. It makes sense that Beijing is one of the hubs of Air China, Shanghai of 
China Eastern, Guangzhou of China Southern, and Chongqing is one of the largest cities in 
southwestern China. The routing tree and hinterland diagram that are produced by this multiple 
allocation model are different from the single allocation model. This map also indicates that 
regional service areas around each major hub overlap. 
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Figure 16 Multiple hub allocation model, with p= 5 and α = 0.4. (Lines are proportional to flow.) 
 
5. Limitations and Discussions 
 The limitations of Nystuen-Dacey method are as follows. First, there is no way to 
quantify the differences between dominant, subdominant, and dominated nodes, and this 
method basically shows the dominant flows. Sometimes it may look confusing to readers, such 
as the hierarchy of 2010 in Figure 11; by way of example, Urumqi is at the same level with 
Shanghai, and Guangzhou is at a lower level, because it is a subdominant airport of Shanghai. 
Readers may conclude that Urumqi is a bigger airport than Guangzhou, but actually it is not. 
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Guangzhou airport is much larger than Urumqi airport, and has many more air passengers every 
year.  
 Second, the model cannot quantify the differences among nodes at any particular 
level, as well. An improved Nystuen-Dacey method is shown below (see Figure 17). The 
horizontal axis represents the relative location based on these cities’ longitudes. For example, 
Shanghai is east of Beijing according to their latitudes, so their relative location is shown this 
way in Figure 17. More importantly, the differences among airports at any given level can be 
read from this figure. The vertical axis represents the total number of air passengers of each 
city in 2001. If one airport is higher than most airports, it means that this airport had more air 
passengers in 2001, such as Beijing.  This method overcomes the two limitations mentioned 
above. 
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Figure 17 Improved hierarchical structure 
  
 The regression analysis also has some limitations. One major problem are the data. The 
population should be positively related to growth of air passenger numbers. However, the 
results of that regression model do not indicate so, and there is no multi-collinearity among 
those variables. This is probably because the data of resident populations are not available; the 
only available data about population are the household register population of each city. In 
other words, the floating population of those cities is not considered in this model. Another 
problem is that the data of domestic tourists of each city are also not available, which is 
probably an important factor that could affect the growth of air passengers, only data on 
tourists from outside of mainland China are available. 
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 Likewise, the hub and spoke analysis has a few limitations. A model is run to locate the 
hubs and assign the allocations of spokes. One of the greatest limitations in this research are 
the data; flows under 50,000 passengers are not included in the original data; therefore, it is 
difficult to make a fully-connected 25 by 25 matrix. Also, data of some city-pairs are not 
available, such as Beijing and Tianjin. 
 Since this research only focuses on mainland China, data for Hong Kong, Macau, and 
Taiwan are not available. Hong Kong is very close to Guangzhou and this creates a major 
consideration, as there will be some sort of competition between Guangzhou and Hong Kong to 
some extent. That competition is one important factor that could affect the evaluation of 
Guangzhou Airport. In addition, there is competition between air travel and train travel in 
China: train tickets are much more affordable than air tickets, causing more people to choose to 
travel by train instead of air travel. Some cities are too close to each other, so the numbers of 
passengers traveling by air between them is significantly decreased. There is also competition 
between airlines in China: sometimes airlines may have different discount factors to attract 
more passengers, but the same discount factors are used in this research for all flows among 
the hubs. These three kinds of competition are acknowledged but not fully addressed in this 
research, though future research will include those considerations. 
 There are some other limitations in this research. For example, when the fuel prices 
increase, airlines tend to use larger aircraft to carry passengers instead of smaller ones, because 
larger aircraft are more fuel-efficient than their smaller counterparts (Babikian et al., 2002). 
This certainly affects how the hub and spoke network functions: when fuel prices rise, it 
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becomes less efficient to use smaller aircrafts. The hubs are then downsized and passengers are 
ferried onto larger aircraft to save money and fuel. The guaranteed sale to corporations of 
airline seats in bulk numbers is also an important factor that could affect the hub and spoke 
network and how well it functions. Large companies that have business in multiple locations 
will sometimes guarantee the purchase of a certain number of seats to reduce ticket cost. 
Because of that guarantee, airlines have incentives to fly that route. All these limitations are 
reserved for future research. 
 
6. Summary and Conclusion 
 This study identified the Chinese airport hierarchy based on the number of air 
passengers, 2001 to 2010. This research shows that the number of air passengers is positively 
and significantly related to GDP and number of international tourists by city. Unlike previous 
studies, this research found no significant relationships between the number of air passengers, 
population by city, whether an airport is an international one or not, distance from one airport 
to its closest airport, and the number of airports within a buffer zone of 300 kilometers. The 
identified airport hierarchy seems to suggest an evolving hub and spoke network. Other airlines 
in other countries have implemented a hub and spoke network in order to realize efficiencies. 
This evolving Chinese network appears to be associated with airline deregulation and 
consolidation. The identified hub and spoke system was then compared to optimal hub and 
spoke networks constructed using a linear programming model, which included the number of 
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air passengers and the distance among city pairs. The results show that the evolving hub and 
spoke network is similar to optimal networks. 
 The findings show that during the past decade, the 25 Chinese cities used in this study 
formed a four-level hierarchical structure; Beijing, Shanghai, and Guangzhou were the backbone 
of this hierarchy. These three large urban places dominated air transportation network across all 
of China. Some other subdominant airports, such as Kunming and Shenzhen, serve people in 
regional or provincial areas. Kunming, as a famous tourism city, attracts millions of travelers 
from all over China each year and explains the appearance of this subdominant city. Shenzhen, 
as a successful Special Economic Zone (SEZ), attracts billions of dollars (yuan) in foreign 
investment and is the location of many multinational corporations. The other dominated 
airports, such as Urumqi, serve people in provincial or local areas; they are dominated either by 
dominant airports or subdominant airports, and integrated into the national air transportation 
network via respective higher hierarchy airports. 
 The regression model used to identify the airport hierarchy revealed that the number 
of international tourists and GDP by city are the factors that are directly related to the number 
of air passengers. The more international tourists travel to Mainland China, the more air 
passengers. With a continually increasing GDP, more people can afford air travel. The 
regression model also revealed that the numbers of air passengers of some big airports are 
often underestimated, while that of relative smaller cities is generally over predicted. It is 
expected that these residuals can be diminished if more variables are utilized, such as number 
of domestic tourists of each city. 
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Regarding the optimal hub and spoke networks, a linear programming model was run to 
locate hubs and assign the allocations of spokes for single and multiple allocation cases. With 
the inter-hub discount factor decreasing, or the number of hub sets increasing, the total 
transportation costs keep decreasing. The most frequently chosen hubs in this model for both 
single and multiple allocations are Beijing, Shanghai, Guangzhou, and Chongqing. This can be 
expected because Beijing, Shanghai and Guangzhou always ranked 1st, 2nd, and 3rd respectively, 
from 2001 to 2010 based on the total number of air passengers. In other words, they were 
always the top three largest airports in China from 2001 to 2010. Furthermore, Beijing is the 
cultural and political center of China, Shanghai is the economical center, and Guangzhou is a 
very dynamic center. There are many international and domestic companies that have their 
headquarters in these cities, and there are a lot of businesses conducted in these cities on a 
daily basis. Lastly, these major cities are located at the central locations of the airline network. 
There are large numbers of flows fluctuating between them and their surrounding airports 
annually. The hubs of existing hub and spoke network compared very closely to those of the 
optimal hub and spoke networks. Beijing is one of the hubs of Air China, Shanghai of China 
Eastern, and Guangzhou of China Southern. The current three largest Chinese airlines: Air China, 
China Eastern, and China Southern are headquartered in Beijing, Shanghai and Guangzhou 
respectively. The main hubs in the current hub and spoke network are identical to them in the 
optimal hub and spoke networks. Therefore, the current hub and spoke network in China seems 
to be a fairly efficient one.  
Along with the Chinese economy, Chinese air transportation is also increasing rapidly.  
Reforms in the airline industry are ongoing as well. It can be expected that the Chinese air 
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transportation will go through some important changes during the following one or two 
decades, such as the number of air passengers will continue to increase, and more policies will 
be implemented towards a free market. Thus, the air transportation hierarchy network 
identified in this research may change, along with those associated variables. The methodology 
used in this research and the conclusion may assist policy planners in the implementation of a 
more efficient hub and spoke Chinese air network. 
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8. Appendix 
Hub and spoke network: Hubs are special airports which are used to switch, gather, and 
transfer passengers to their intended destinations in this research. Spokes are routes that are 
coming out of hubs. The networks composed of hubs and spokes mentioned above. 
http://science.howstuffworks.com/transport/flight/modern/airline3.htm 
The p-hub problem: the objective is to locate p hubs in a set of n demand nodes; its aim 
is to minimize the total transportation cost in this research. 
Civilian airports: Airports that are used for civilians, not military.  
National airport / Regional airport / Local airport: National airports, such as Beijing, 
Shanghai, and Guangzhou, can serve people all over the country; Provincial airports, such as 
Nanjing and Zhengzhou, serve people in their provinces; local airports, such as Dali and 
Zhangjiajie, serve local people. 
Nystuen-Dacey method is used to identify three types of nodes within an M by M matrix:  
A dominant center is one that has its largest traffic flow to a smaller center. A subdominant 
center has its largest flow to a larger center. For example, Beijing has it largest flow with 
Shanghai, a smaller city. Beijing is a dominant center.  
Economy of scales: In this research, scale economies are represented by an inter-hub 
discount factor, α, which ranges from 0 to 1, with the discount increasing as α decreases. With 
the increase of production, the cost per unit falls, because of increased productivity. In this 
research, it means with the increase of frequency of one route’s flights and load factors, the 
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cost per unit, such as fuel, crew will decrease. 
Inter-hub discount factor:  The inter-hub discount factor does provide an incentive for 
bundling of flows, by discounting the cost of the inter-hub links. O'Kelly et al. (1997) show that 
as the inter-hub discount increases (smaller values of α), more and more interacting pairs are 
routed via the inter-hub links. It varies between 0 and 1; it is used to attract passengers to travel 
via hubs so that the hub airports can concentrate flow, and the cost between the hubs must be 
smaller than the original costs. 
Changes in the air transportation Hierarchy of selected airports in selected years 
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How is my research different from merely mapping population ranks among cities? 
Cities are mainly point-based, whereas air passengers and airports are affected by both 
the point itself and the interactions between points. Thus, rankings of cities are purely affected 
by city size itself while airports are ranked by both airport size and interaction among airports. 
